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INTROD 1C: "JON

The direct tethanol Hquid feed fuel cell nses aque-
ous solutions of niethanol ae fucl and oxygen or air as
the oxidant and uses ay ionically conducting polymer
menbrane sucl as Nafion )7 as the electiolyte [1-
1 This tvpe of direct oxidation cell is fuel versatile

and offers stgnificant advantages in tenns of stnpli
iy of destgn and opetation. In order to improve the

petformance of these o s necessary to model
The
Present study focuses on the reanlis of & phenomeno

li

VoS processes operating in these colls,

Cvarions phenomena oce tng in these col

read model based on cuprent understandimg of the

MODELING APPROACH

The model is based on hquid feed methanol fuel cells
which use (i) high volune fiactions of recast Nafion
and Tittle void volune fractions in the catalytic lay-
cis;g (1) Pt Ru and P oas catalysts on the anode and
cathode side, tespectively; (1) Nafion” 117 as separa-
tor and (1v) Tow opcrating temperatires (GO - 90e).
The assumptions of (he model are as follows: (1) poly.
et in anodic reaction layer and separator can he as
sumed to be fully hydiated even af high current den
sities; (i) transport of methanol at tle anode side
occurs only i the solution phase; (i) no concentra
ton pradient of water exiss across the separator memn
brane, only clectroosinotic forces move water throuph
the membrane:; (1v) for methanol Lrausport, migration
and diffusion are considered:; (v) on the cathode side,
oxypen and nmiethano) transport s considered in na;.
tow gas pores and in solutjion phase and Henry's Jaw
15 obeyed (4,5]; (vi) in the cathodic reaction laver, the
pas volume fraction decremses with increasing water
content.

The model cquations  are (e dependent but

Present ouly steady state resulis have been obtained
RESUL TS

low current densitic

fhon occurs uniforinly
node and cathiod
ost ol t

oughout

teaction layeirs. At

current dey

reaction takes place

[INTEN

,_:.,.., te) :

wking faver due (o diffusion Iy,

actant specres, this g

tion of

lts in Ingher ol

losses and g hier overpotentiads due (o lowey Concen

tations On the anode side, comparison of ST
tion tesults and experimental data shows additiong]
dffusion losses in the backing, layer. This tesults
in losses of the anode petformance but o the othe
hand, ethanol crossover s decreased due Lo lowe;

concentrations. Caleulations show that most of (e

methanol crossover e ults due (o ;_,:.:x::: even af
GOOveA can”, migration contribution to Hiass Lrans
port 1s simall. 2..,;.:_:._32 ::.__:_:;.V clectroosimotie
forees i the model results i bhetter 4 srecinent bhe
tween experimental data and sitnulation results, espe
cally at high methanol concentrations. On the el
ode side, comparison of simnlation resul(s and exper-
mnental data shows a decregae of gas volume fraction
at dngher current densities because of partial flooding,
of the catalviic laver: Due to high cathode potentials,
methanol which erosses (o the cathode side, 1eacts i
falytic layer. A low
current densitios, the oxygen reduction reaction oceuss

¢

medrately afte cutering the o

untfornly throughont he reaction layer, whereas ot

higher cung

it densities almost all the OXYECH Teacts

close to the bl Lver, therely resulting, Ost

complete spatial separation of the two reactions
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modeling of mass transport in reactive layers

gas- phase species
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modeling of electrochemical reactions

reaction rate of oxygen reduction
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Deutsche Forschungsanstalt fir Luft- und Raumfahrt .V,

cathode performance - experiment / simulation
(4mgem? P, 90°C. 20psig air, 1 /min)
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Deutsche Forschungsanstalt fir Luft- und Raumfahrt 2.\,

average volume fraction of gas pores
in cathodic reaction layer
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Deutsche Forschungsanstalt fir Luft- und Raumfahrt 2.V,

Distribution of oxygen concentration
in cathodic reaction layer

oxygen partial pressure / Pa

5 “N <

¥ - £l - v ’O O
position in reaction layer / um

Institut fir Technische Thermodynamic 4#7
DLR

()
(A9
(O]




Deutsche Forschungsanstalt fiir Luft- und Raumfahrt 2.V,

anode performance - experiment / simulation
(12 mgem°Pt-Ru, 1 M MeOH, 90°C)
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Deutsche Forschungsanstalt fur Luft- und Raumfahrt e.V.

Distribution of reaction rate n anodic reaction |ayer
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Deutsche Forschungsanstalt fiir Luft- und Raumfahrt 2.V.

Distribution of ionic current density nanodic reaction |ayer
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¥ - nfahrt .V,
Deutsche Forschungsanstalt fir Luft- und Raumfahrt

effect of anodic reaction layer thickness
on methanol crossover
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Deutsche Forschungsansta!t f0r Luft- und Raumfahrt 2.V.

effect of anodic reaction layer thickness on
at 250 mAcm”“
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Deutsche Forschungsanstalt fir Luft- und Raumfahrt e v,

fraction of migration compared to total
methanol crossover rate in Nafion 117 at 90°C

J MeOH mig/J MeOH tot/ %
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Deutsche Forschungsanstalt fur Luft- und Raumfahrt e.V.

methanol crossover - effect of driving forces
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Deutsche Forschungsanstalt fur Luft- und Raumfahrt 2 V.

simulation result of cell performance at 90°C, 20psig air
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